Visceral adipocytes diŠer in various biochemical properties from adipocytes of subcutaneous origin. However, information on diŠerences in gene expression between visceral and subcutaneous fat depots is limited. Expression of the genes for the nonmuscle and muscle isoforms of the actin-binding protein coˆlin was examined in subcutaneous and visceral fat depots of mice, pigs, and cattle by semiquantative reverse transcription and polymerase chain reaction analysis. The abundance of nonmuscle-type coˆlin mRNA was markedly higher in visceral adipose tissue than in subcutaneous adipose tissue of mouse and pig. This diŠerence was more pronounced in mice fed a high-fat diet than in those fed a standard diet. In cattle, however, the amount of nonmuscle-type coˆlin mRNA was greater in subcutaneous fat than in visceral fat. Muscle-type coˆlin mRNA was not detected in either adipose tissue of any of the three species. These results suggest that the nonmuscle isoform of coˆlin, and therefore the cytoskeleton, may play a role in lipid accumulation in visceral adipose tissue.
Visceral adipocytes diŠer in various biochemical properties from adipocytes of subcutaneous origin. However, information on diŠerences in gene expression between visceral and subcutaneous fat depots is limited. Expression of the genes for the nonmuscle and muscle isoforms of the actin-binding protein coˆlin was examined in subcutaneous and visceral fat depots of mice, pigs, and cattle by semiquantative reverse transcription and polymerase chain reaction analysis. The abundance of nonmuscle-type coˆlin mRNA was markedly higher in visceral adipose tissue than in subcutaneous adipose tissue of mouse and pig. This diŠerence was more pronounced in mice fed a high-fat diet than in those fed a standard diet. In cattle, however, the amount of nonmuscle-type coˆlin mRNA was greater in subcutaneous fat than in visceral fat. Muscle-type coˆlin mRNA was not detected in either adipose tissue of any of the three species. These results suggest that the nonmuscle isoform of coˆlin, and therefore the cytoskeleton, may play a role in lipid accumulation in visceral adipose tissue.
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Adipogenesis is controlled by a complex cross talk between positive and negative regulators, including hormonal and nutritional stimuli, that ultimately aŠect the activity of adipocyte-speciˆc transcription factors. Adipocyte diŠerentiation is characterized by sequential changes in the expression of numerous genes, as re‰ected by the appearance of early and late mRNA and protein markers and triglyceride accumulation. Members of the C W EBP and PPAR families of transcription factors are induced early during adipocyte diŠerentiation. 1, 2) DiŠerences in the abundance or activity of these factors might be expected to contribute to diŠerences in the characteristics of regional fat depots.
The coˆlins are a family of actin-binding proteins and are expressed in all eukaryotic cells examined to date. Most vertebrates express two coˆlin isoforms: muscle and nonmuscle coˆlins. In the mouse, these two coˆlin isoforms share 81.3z amino acid sequence identity.
3) Coˆlins are usually localized in subcellular domains characterized by a high turnover of actinˆlaments, such as the leading edge of migrating animal cells. [4] [5] [6] They depolymerize actinˆlaments during, for example, cytokinesis, cell locomotion, and plant-cell elongation, in addition to being involved in cellular stress responses and pathological situations. 7) Coˆlins are regulated by pH, polyphosphoinositides, phosphorylation, nucleotides bound by actin, and the presence of other actin-binding protein. 7) Muscle-type coˆlin is the predominant coˆlin isoform expressed in adult murine and human muscle.
8) The diŠerent distribution of the mammalian muscle and nonmuscle type coˆlin isoforms suggests that they may have functional diŠerences. 8) The speciˆc physiological functions of nonmuscle coˆlin in most cell types remain unclear, however.
The identiˆcation of genes that contribute to visceral obesity is likely to be facilitated by the detection of genes the expression of which in visceral adipose tissue diŠers from that in other fat depots. Only limited data are available to date, however, on diŠerences in gene expression among adipocytes from diŠerent depots. We have now examined the expression of muscle and nonmuscle coˆlins at the mRNA level in subcutaneous and visceral adipose tissue from various mammalian species.
Animals and tissue isolation. Three-week-old female C57BL W 6J mice were obtained from Charles River Japan. They were housed individually in cages with wire-mesh bottoms at a constant temperature (20 to 229 C) and humidity (50 to 60z) and under a 12-h-light, 12-h-dark cycle. The animals had free access to water and chow (Oriental Yeast, Chiba, Japan) containing 8.5z (w W w) fat, 43.7z carbohydrate, and 29.7z protein, with an energy content of 3.69 kcal W g, for an acclimatization period of 1 week. The mice were then weighed and divided into two groups of six with approximately equal mean body weights. One group was fed the standard diet and the other received a high-fat diet for 6 weeks (4 to 10 weeks of age). The high-fat diet was obtained from Research Diet and contained 41z fat, 36z carbohydrate, and 23z protein, with an energy content of 4.33 kcal W g; its fat source was the same as that of the standard diet and it contained the same absolute amounts of protein andˆber as did the standard diet. The animals were weighed every week. At the end of the experimental period, the mice were killed by decapitation. White adipose tissue was rapidly separated from subcutaneous and visceral (parametrial) fat sites (abdomen and ovaries, respectively), immediately frozen in liquid nitrogen, and stored at -809 C until analysis. Porcine and bovine abdominal subcutaneous and visceral adipose tissue was sampled from seven crossbred castrated male swine (body mass, ¿100 kg) and six Japanese Black Cattle (18 to 24 months of age) at a local abattoir. We also isolated skeletal muscle tissue from mice and cattle. All tissue samples were immediately frozen in liquid nitrogen, and stored at -809 C until RNA extraction. Experiments were done in accordance with the Guide for the Care and Use of Experimental Animals at Shinshu University.
Isolation of RNA and RT-PCR. Total RNA was extracted from subcutaneous and visceral adipose tissue or skeletal muscle of mouse, pig, and cattle. SQ RT-PCR analysis was done as described 9) to measure the amounts of muscle-and nonmuscle-type coˆlin mRNAs. The primers speciˆc for muscle coˆlin were 5?-ACCTCCTCTGCAAACTCTTCC-3? and 5?-CACCCGGTACTTCTTGGACAT-3? (forward and reverse, respectively), and those speciˆc for nonmuscle coˆlin were 5?-TGGGTGAAACTCTG-GGAGAT-3? and 5?-CCATAGTGGAAGCCTGAT-GC-3?. Total RNA extracted from each tissue was treated with deoxyribonuclease I to eliminate possible contamination by genomic DNA. One mg of total RNA was then reverse-transcribed to cDNA in a 20 ml RT reaction system containing oligo dT primers and AMV-RT. The RT reaction was done at 429 C. One ml of the RT products was used for subsequent PCR ampliˆcation for 27-42 cycles, which was in the linear increasing phase of the PCR products of muscle and nonmuscle-type coˆlin. On the basis of preliminary experiments, PCR was done for 33 cycles with an annealing temperature of 579 C for muscle coˆlin (product size, 454 bp) and for 37 cycles with an annealing temperature of 589 C for nonmuscle coˆlin (product size, 399 bp) to ensure ampliˆcation within the linear range. Primers speciˆc for b-actin (product size, 452 bp) were included as an internal control. We could not detect any band in mouse skeletal muscle tissue with a subsequent PCR amplication of nonmuscle coˆlin mRNA on a 27-42 cycle (data not shown). Muscle coˆlin mRNA was not detected in any adipose tissues with PCR amplication of 27-42 cycle (data not shown). The ampliˆed cDNAs were subcloned into the pGEM-T easy vector (Promega), and the sequences were conˆrmed using an automated DNA sequencer (ABI 310).
Statistical analysis. Data are presented as means± SEM of three or four separate experiments with the same protocol. Comparisons were tested by ANOVA, followed by Fisher's protected least signiˆcant diŠerence as a posthoc analysis. Signiˆcance was set at Pº0.05.
We initially examined the expression of muscle and nonmuscle coˆlin genes in adipose tissue isolated from wild-type mice fed either a standard or high-fat diet. The body weight was increased by about 20z in mice fed a high fat diet from age 4 to 10 weeks as compared to those fed a standard diet. In addition, the amounts of subcutaneous and visceral fat in the animals fed the high-fat diet were approximately 2 and 3 times greater, respectively, than those in mice fed the standard diet. RT-PCR analysis revealed that the amount of nonmuscle coˆlin mRNA was greater in visceral adipose tissue than in subcutaneous adipose tissue (Fig. 1) . Furthermore, this diŠerence between the two fat depots was more pronounced in mice fed the high-fat diet than in those fed the standard diet. In contrast, nonmuscle coˆlin mRNA was not detected in skeletal muscle tissue from mice fed the standard diet. Conversely, muscle coˆlin mRNA was not detected in adipose tissue but was present in muscle tissue. Similar to the mouse, nonmuscle coˆlin mRNA was signiˆcantly higher in visceral adipose tissue, compared with subcutaneous adipose tissue of the pig (Fig. 2a) . Again, muscle coˆlin mRNA was not detected in either fat depot. In contrast, the abundance of nonmuscle coˆlin mRNA was higher in subcutaneous adipose tissue than in visceral adipose tissue of cattle (Fig. 2b) ; the mRNA was not detected in skeletal muscle. Muscle coˆlin mRNA was present in skeletal muscle but was not apparent in either type of adipose tissue. RT-PCR was done with total RNA isolated from subcutaneous (S) and visceral (V) fat depots of female mice fed either a standard diet (N) or a high-fat diet (H). Skeletal muscle (Mus) tissue was isolated from mice fed a standard diet. Transcripts of the b-actin gene were used as an internal control. RT-PCR products from muscle and non-muscle coˆlin genes of each tissue in mouse were normalized with an internal standard. Levels of nonmuscle-type coˆlin mRNA are shown as the mean±SEM of three separate experiments.
abcd Means with diŠerent superscripts are signiˆcantly diŠerent (pº0.05) among fat depots of each animal. Lane M: 100-bp molecular size ladder. ND: No detected. RT-PCR was done with total RNA isolated from subcutaneous (S) and visceral (V) fat depots or skeletal muscle (Mus) from pig or cattle, respectively. RT-PCR products from muscle and non-muscle coˆlin genes of each tissue in pig and cattle were normalized with an internal standard. Transcripts of the b-actin gene were used as an internal control. Levels of nonmuscle-type coˆlin mRNA are shown as the mean±SEM of three or four experiments.
ab Means with diŠerent superscripts are signiˆcantly diŠerent (pº0.05) among fat depots of each animal. Lane M: 100-bp molecular size ladder. ND: No detected.
Our data thus demonstrate diŠerential expression of the nonmuscle coˆlin gene between visceral and subcutaneous adipocytes. However, whereas the expression of this gene was greater in visceral than in subcutaneous adipose tissue of mice and pigs, the opposite result was obtained for cattle. This species diŠerence might be due, at least in part, to the diŠer-ent energy sources and digestive systems of these animals. Large amounts of volatile fatty acids are produced as a result of fermentation in the rumen and serve as the principal building blocks for lipid synthesis in cattle. Thus, unlike nonruminants, dietary lipids do not directly aŠect the fatty acid composition of ruminant adipose tissue. [10] [11] [12] DiŠerences in the expression of important adipocyte genes have been previously detected between subcutaneous and the intra-abdominal fat depots. The abundance of mRNAs corresponding to the two isoforms of PPAR-g was thus shown to be lower in omental fat deposits than in subcutaneous abdominal adipose tissue in individuals with a body mass index of º30 kg W m 2 . 13) Such a diŠerence was not apparent in obese subjects, however. 13, 14) The abundance of PPAR-g mRNA in omental adipose tissue was also found to be positively correlated with body mass index. 13) Coˆlin is an essential and conserved modulator of actin dynamics. Muscle-type coˆlin binds to actin in either its monomeric orˆlamentous form, severs and induces the depolymerization of actinˆlaments, and increases the rate of actinˆlament``treadmilling'' in muscle tissue. The high turnover rate of F-actin during actin-based cell motility appears to be driven largely by coˆlin-mediated acceleration of directional subunit release rather than byˆlament fragmentation. Theˆlament-severing function of coˆlin appears to be required, however, for normal cell growth. The roles of nonmuscle coˆlin in peripheral tissues, including adipose tissue, remain unclear. This protein undergoes rapid translocation to the F-actin-rich, ru‹ed membranes of stimulated neutrophils, 15) where it is thought to contribute to the continual polymerization and depolymerization of F-actin that is associated with an oscillatory pattern of H 2 O 2 production. The nonmuscle type of coˆlin is thus likely to play a role in cellular responses, such as phagocytosis and degranulation in neutrophils, that involve rapid changes in the F-actin network. 16) Our results suggest that nonmuscle coˆlin might play a role in lipid accumulation in visceral adipose tissue. One possible complication of studying gene expression in adipose tissue rather than in isolated cells is that genes may perform diŠerent functions in preadipocytes and in mature adipocytes. Further investigations are required to clarify the mechanisms by which a high-fat diet aŠects the expression of genes, such as that for nonmuscle coˆlin, diŠerential-ly among regional fat depots.
